ABSTRACT: There is growing interest in studies on sanitizers other than chlorine that can maintain the quality of organic products without affecting their phytochemical content. The effects of using chlorinated and ozonized water treatments, as sanitizing procedures, on the post-harvest quality of organic and conventional broccoli (Brassica oleracea L.) cv. Italica was evaluated. The biochemical parameters (chlorophyll, polyphenols, fl avonoids, vitamin C and antioxidant capacity) of the broccoli samples were analyzed at day 0 (arrival of the plant from the fi eld, original features), and 1, 4 and 7 days after harvest. The polyamine analysis was performed on arrival of the plant from the fi eld and on the fi rst and seventh days. The cultivation procedure infl uenced polyphenol, vitamin C and total chlorophyll content, and the highest value was observed in organic broccoli after the fourth day. Flavenoid content was higher in organic broccoli. The use of ozone appears not to have had an infl uence on the amount of polyphenolic, fl avonoids and vitamin C during storage. Total chlorophyll content was less affected by ozonized water than by the chlorine treatment as at the fi rst and fourth days of storage. The highest content of putrescine was found in conventional broccoli, while the highest levels of spermidine and spermine were found in organic broccoli. Antioxidant capacity was highest in organic broccoli after day 4 of storage and was affected by the bioactive compounds analyzed. Methods of cultivation infl uenced natural antioxidant and chlorophyll contents in broccoli under cold storage.
Introduction
Broccoli (Brassica oleracea L. cv. Italica) is a vegetable characterized by high nutritional value, low caloric content and high dietary fi ber and ascorbic acid contents, and it contains a range of substances that have been widely considered to be anti-carcinogens and antioxidants (Hasperué et al., 2011) .
Broccoli is a source of phenolic compounds (fl avonoids) and contains signifi cant amounts of other important phytochemicals, such as ascorbic acid, carotenoids and glucosinolates (Naguib et al., 2012) . It is harvested when the fl owers are still immature with the sepals completely around the fl ower. The immature organs require a continuous supply of water, nutrients and hormones to maintain homeostasis. After harvesting, these types of organs suffer severe stress that leads to the appearance of senescence symptoms (Hasperué et al., 2011) . Several studies have shown that this plant, when kept under refrigeration, maintains the nutritional properties of its phytochemical compounds, such as carotenoids, chlorophylls and vitamin C and a higher antioxidant capacity. All of these characteristics are important because they contribute to the reduction of organism damage by reactive oxygen species (ROS) (Naguib et al., 2012) . The content of these compounds in plants may be increased if plants are grown organically. However, recent studies have questioned this assertion.
Organically-grown vegetables are attractive because of several factors, such as better fl avor, a long postharvest life and a low chemical residue content, that lead consumers to choose this type of vegetable.
Chlorine is generally used to clean vegetables. However, it is not recommended because of its ability to form toxic products, particularly in organically cultivated produce. Recently, safety concerns have increased about the reaction of chlorine with organic waste products, resulting in the formation of potentially mutagenic or carcinogenic substances such as trihalomethanes and chloramines, and their impact on human health and environmental safety (Beltrán et al., 2005) . Thus, interest in studies of sanitizers other than chlorine that will maintain the quality of organic products without affecting their phytochemical content is on the increase. Ozonized water has the potential to be used as an alternative to chlorine as a sanitizer (Beltrán et al., 2005) . However, the self-decomposition of ozone is accompanied by the formation of reactive species, such as hydroxyl (OH • ), hydroxy-peroxyl (H 2 O • ) and superoxide anion (O 2
• ) radicals (Hoigné and Bader, 1983) .
This study aimed to compare the infl uence of ozone treatment with chlorine on the chemical composition, which is related to the antioxidant content, of organic and conventional broccoli.
Materials and Methods

Plant material and storage conditions
Organic broccoli (Brassica oleracea L. var. Italica, cv. Ramoso Santana) was obtained from producers certifi ed by the Brazilian IBD (Agricultural and Food Inspec-Sci. Agric. v.71, n.2, p.151-156, March/April 2014 tions and Certifi cations). Broccoli under conventional cultivation was acquired from the same geographical area and at the same harvesting time. The geographic coordinates of these locations are approximately 22° 44' 50'' S and 48° 34' 00'' W, with an average altitude of 765 meters. The climate is subtropical, with humid summers and dry winters. Average annual rainfall is 1,534 mm, with an average for the wettest month (Jan) of 242 mm and 38 mm for the driest months (July and Aug). The average annual temperature is 21 °C.
For the sake of comparison, all plants were acquired from the same cultivar and were at the same physiological phase. Plants were obtained 75 days after the planting of conventional seeds harvested in July, in the early hours of the morning and were immediately transported to the laboratory.
After the broccoli had been harvested and washed to remove most of the impurities, it was subjected to sanitizing treatments with chlorine or double ozonation. In the treatment with chlorine, broccoli was immersed in water containing 0.1 % sodium hypochlorite for 10 min. The treatment with ozone was conducted for 5 and 10 min, by immersing the broccoli in a 186-L plastic tank coupled to an ozone generator containing a centrifugal pump, which circulates the liquid inside the tank. The control consisted of immersion of broccoli in tap water for 5 min.
After the treatments, the broccoli was sorted again, gathered in bundles and stored at 5 ± 1 °C and 93 ± 1 % relative humidity for seven days. The broccoli samples were analyzed as soon as they were harvested from the fi eld (Day 0), after sanitation treatment (Day 1), and after storage at low temperature (Days 4 and 7). For each plant, the material (fresh matter) was immediately analyzed for vitamin C. For the other analyses, the broccoli samples were powdered in liquid nitrogen and stored at -80 °C for later determination of total fl avonoids, total chlorophyll, polyamines and antioxidant capacity. The phenol content was determined from the dry matter. The analyses of polyphenols content were analyzed after the sample had been dried in an oven with air circulating at 45 °C until constant weight had been reached.
Content of total phenols
The analysis of total phenols was performed in accordance with the Folin-Ciocalteu spectrophotometric method (Singleton and Rossi Jr, 1965) . The sample material, dried and powdered, was weighed and placed into centrifuge tubes containing 50 % acetone in water. The samples were then incubated in an ultrasonic bath for 20 minutes and centrifuged at 6,000 × g (Hettich Zentrifugen, Mikro220R) for 10 minutes. The supernatants were re-extracted and combined. Folin-Ciocalteu reagent was added; after 3 min at 25 °C, a saturated solution of Na 2 CO 3 was added, and the reaction mixture was then incubated for 1 h. The absorbance was measured at 760 nm.
Content of total fl avonoids
For the fl avonoid content analysis, the extracts were prepared in accordance with the method described by Popova et al. (2004) , with adjustments. Briefl y, fresh material samples were powdered in liquid nitrogen, weighed and mixed with 10 % (w/v) acidifi ed methanol. The samples were subsequently placed in an ultrasonic bath for 30 minutes, and a 5 % aluminum chloride solution was added. The samples were then centrifuged for 20 minutes at 10,000 × g. Finally, the samples were fi ltered, and the absorbance was measured at 425 nm.
Content of vitamin C
The determination of vitamin C was conducted according to Terada et al. (1978) with minor modifi cations. Fresh samples (250 mg) were powdered in liquid nitrogen and homogenized in 0.5 % oxalic acid (3 mL) for 20 s. Then they were centrifuged at 6000 × g for 20 min at 4 °C. An aliquot of the supernatant (1 mL) was combined with a 0.25 % aqueous solution of 2,6-dichlorophenolindophenol (2,6 DCPIP) (150 µL), 4.5 M sulfuric acid (1 mL), 2,4-dinitrophenylhydrazine (2,4-DNPH) (2 g in 100 mL water) and 10 % thiourea in 50 % ethanol (50 µL). The mixture was homogenized and boiled for 15 min, and after cooling, 85 % sulfuric acid (5 mL) was added. Spectrophotometric measurements were taken at 520 nm. The results were compared to a calibration curve derived from data from ascorbic acid (100 µg mL -1 ) in 0.5 % oxalic acid.
Content of total chlorophylls
Extraction of chlorophylls was conducted according to the method validated by Nagata and Yamashita (1992) , based on the different molar absorptivity coeffi cient of chlorophyll pigments in an extraction solution composed of acetone-hexane in a 4:6 ratio. The samples were powdered in liquid nitrogen and homogenized in a mini-Turrax in acetone (4 mL) and hexane (6 mL) for 1 min. The extraction was performed on samples protected from light. Then, sample absorbances were measured at 663 nm for chlorophyll a and at 645 nm for chlorophyll b (UV-Vis spectrophotometer. The absorbance values were converted to mg × 100 g -1 fresh weight on the basis of the following equations:
Chlorophyll a (µmol mL 
Chlorophyll b (µmol mL -1 ) = -0.328 (Abs 663nm ) + 1.77 (Abs 645nm )
Total chlorophyll was obtained from the sum of Eq. 1 and Eq. 2.
Antioxidant activity: DPPH free radical scavenging activity Antioxidant activity was determined according to the methodology of Brand-Williams et al. (1995) as modifi ed by Rossetto et al. (2009) . The DPPH solution was freshly prepared in 99.8 % ethanol (10 mg in 50 mL). Fresh broccoli samples (1.0 g) were extracted in 99.8 % ethanol (10 mL) and centrifuged at 6,000 × g for 10 min at 5 °C. The supernatant aliquots (0.5 mL) were combined with 99.8 % ethanol (3 mL). After homogenization, a DPPH solution (300 µL) was added to the test tubes, and the samples were then stored in the dark for 60 minutes. A negative control was prepared with 0.3 mM DPPH in ethanol, to observe the DPPH radical decay against the sample antioxidant capacity. The readings were performed at 517 nm and converted to antioxidant capacity percentage by the following equation: % reduced DPPH = [(Abs control -Abs sample)/Abs control]/100. A calibration curve was prepared with Trolox (20, 40, 80, 120 and 160 µmol) , and the results were expressed as µmol Trolox equivalent g -1 sample (TEAC).
Determination of polyamine content
The polyamine content (putrescine, PUT; spermidine, SPD; spermine; SPM) was determined in accordance with the method described by Flores and Galston (1982) and modifi ed by Lima et al. (2008) .
Experimental Design
The experimental design was completely randomized, with two types of cultivation (organic and conventional), and after the sanitizing effect (water, chlorine, ozone 5 and ozone 10). The samples (for each repetition, n = 5) were assayed in triplicate. The analyses were conducted after the arrival of the samples from the fi eld and prior to sanitation treatment (Day 0). Another sampling was performed soon after the sanitation treatment, named "Day 1". The plants were then stored in a cold chamber at 5 ± 1 °C. Additional analyses were performed on the fourth and seventh day of storage for the proposed determinations.
Data were subjected to an ANOVA, and the measurements were compared using the CoStat (6.4) software program and, a two-way completely randomized statistical processing was carried out. The separation of the medium was performed with the Tukey HSD test p < 0.05. Differences between the averages were determined for individual days (0, 1, 4 and 7, for cultivation effects, and 1, 4 and 7 for sanitizing treatment effects) for chlorophyll, polyphenol, fl avonoid, vitamin C and antioxidant activity. The polyamine content was compared within the individual day.
Results and Discussion
Regarding the characterization of broccoli on day 0 (immediately after harvest), and on day 1 (after sanitizing treatments), the vegetables grown under conventional cultivation showed the highest content of phenols when compared to those cultivated organically (Table 1) . On the others days analysed, organic broccoli had higher contents of polyphenols as compared to those grown conventionally. No differences (p < 0.05) were observed between treatments using sanitizers in relation to phenolic compounds during the storage time ( Table 2) .
The values determined for total phenols were higher than those presented by Costa et al. (2006) for postharvested broccoli stored at 20 °C. The differences were primarily due to the different storage temperature, which must have induced senescence and altered the content of the phytochemicals. Costa et al. (2006) reported a total phenol content of 0.69 g kg -1 on the day of sampling and 1.26 g kg -1 at the end of the experiment. The values were higher in the present study, but no increase was observed that could be attributed to the time of storage.
A clear trend of higher levels of fl avonoids in organic broccoli was noted on day 4 and day 7 (Table 1) . No effects due to sanitation treatments and storage time on the fl avonoids content in broccoli were observed on the fi rst day (Table 2) . Flavonoids are usually more concentrated in organic than conventionally grown vegetables (Winter and Davis, 2006; Lima and Vianello, 2011) , and a similar behavior was noticed in the present study on days 4 and 7. The polyphenol content in plants is infl uenced by culture practice, growing conditions and harvest time. Organic vegetables tend to show a higher content of phenolics as compared with conventionally cultivated plants (Lima and Vianello, 2011) . A fundamental difference between organic and conventional production systems is in the management of soil fertility, which can infl uence the nutritional composition and can subsequently infl uence the synthesis of secondary plant metabolites (Vallverdú-Queralt et al., 2012) .
Conventional broccoli tended to have a lower content of soluble phenols and total fl avonoids on days 4 and 7 in storage at low temperature. These results suggest that organic fertilizers may affect induction in the synthesis of phenolic compounds. Because of the elimination of pesticides that reduce predators, organic farming leads to an increase of plant phenolic compounds, including fl avonoids (Winter and Davis, 2006) . This occurred in the present study, regardless of the sanitization procedure used. Organic crops tend to alter the shikimic acid pathway leading to a modifi cation of their polyphenol content (Sousa et al., 2008) . Naguib et al. (2012) reported a 151 % increase in phenol content in "Italica" organic broccoli and noted the infl uence of growing conditions on the increase of secondary metabolite compounds. The use of ozone does not infl uence the phenolic compounds amount during storage (p < 0.05). A similar behavior can be seen when analyzing the levels of fl avonoids, unlike some other approaches. Alothman et al. (2010) performed sanitation studies on pineapple (Ananas comosus L.) and banana (Musa spp.) and reported that the level of phenolic compounds tended to increase when subjected to ozone treatment; this effect was attributed to the activation of phenylalanine ammonia lyase (PAL), an enzyme related to the production of phenolic compounds.
As occurred in the analysis of polyphenols and fl avonoids, vitamin C content was higher in conventional broccoli on the day of arrival of the plants from the fi eld and after sanitizing treatment (Day 1). At 4 and 7 days of storage, there was an inversion, ie, the highest levels of vitamin C were found in plants from organic cultivation (Table 1) . Other researchers have not reported differences in vitamin C content between organic and conventional carrots, tomatoes and potatoes (Hoefkens et al., 2010) . Treatment with ozone or chlorine did not induce variations in vitamin C content in organic broccoli on the fi rst day, as compared with the conventional method. However, on the last day of storage, the use of ozone promoted a signifi cant decrease in vitamin C content in broccoli samples (Table 2) . Despite this effect of ozone on broccoli, the safety of ozone as a sanitizer may encourage its use as a sanitation treatment even though a similar vitamin C reduction was found in rocket leaves (Martínez-Sánchez et al., 2006) and lettuce (Beltrán et al., 2005) .
Yellowing is the most visible deterioration in broccoli and usually occurs with the progress of chlorophyll degradation. Conventional broccoli had higher total chlorophyll levels at harvest, after the application of the treatment. As observed for the other biochemical characteristics analyzed, total chlorophyll content was higher in organic broccoli, showing a possibility of increased life after harvest over conventional broccoli (Table 1) .
Sample sanitation with ozone 5 did not induce a reduction of the total chlorophyll content in broccoli on the fi rst day when compared with ozone 10 or chlorine treatments (Table 2 ). An opposite effect was observed in broccoli sanitized with ozone 5 on day 4 of storage, which also had higher levels of total chlorophyll. On day 7 of storage no difference was found in broccoli treated with sanitizers. Chlorine (the treatment producing a lower loss in chlorophyll content on the seventh day) is not accepted as a sanitizer in organically grown vegetables. Thus, ozone may be considered a promising alternative in the sanitization of organic products, and treatment with ozone may result in the maintenance of the green vegetable color, one of the quality parameters of postharvested broccoli.
During the post-harvest period, the surface of broccoli loses its green color which reduces the commercial value of the product (Hasperué et al., 2011) . The use of ozone on organic and conventional broccoli did not affect the color (verifi ed by examining visual quality) and had no negative effect on sample chlorophyll content (Table 2) .
Our results with regard to total chlorophyll content provide evidence that organic broccoli presents a lower rate of deterioration, even if samples were subjected to sanitization with ozone, a promoter of radical species formation (Hoigné and Bader, 1983) . In fact, broccoli deterioration is directly correlated with chlorophyll and weight loss (Aimlar-or et al., 2010) . Although many researchers conclude that some sanitizers induce a degradation of chlorophylls, the results pertaining to organic broccoli did not show any negative effect attributable to ozone treatment.
Antioxidant activity was measured by the DPPH method, and shows the infl uence of the levels of phytochemicals analyzed (Table 1) . There is a tendency to higher levels of polyphenols, fl avonoids, vitamin C after day 4 of storage, and the same behavior was observed when analyzing DPPH levels. Other factors that have infl uenced the antioxidant activity are the polyamines spermidine and spermine (Table 3) , which occur at higher levels in organically grown vegetables.
The present study suggests that the use of ozone, even if it is a recognized oxidizing agent, does not alter the antioxidant capacity of broccoli until the fourth day of analysis (Table 2) . Several authors have shown that plants from organic farming possess higher antioxidant activity than those grown conventionally. Other researchers have confi rmed our fi ndings, including a study on tomato (Lycopersicon esculentum Mill.) juice from organic and conventional vegetables, where antioxidant activity (measured by the DPPH method) was higher in organic tomato juice (Vallverdú-Queralt et al., 2012) . In this study, the polyphenolic, fl avonoid and vitamin C levels observed in organic broccoli (Tables 1 and  2 ) and the higher content of spermidine and spermine (polyamines related to cell division) (Tables 3 and 4) may explain the results.
Polyamines represent another class of substances that may contribute to an increase in antioxidant capacity, which is directly related to aging. Interestingly, higher levels of spermidine and spermine were found in organic broccoli samples, during the period of storage (Table 3) . The total polyamine content, which is the sum of the putrescine, spermidine and spermine contents, was always higher in organic vegetables. In plants, polyamines exhibit anti-senescent activity, most likely by competing with ethylene via the same common precursor S-adenosylmethionine (SAM) (Pandey et al., 2000) . These substances are involved in the regulation of many cellular processes, including DNA replication, transcription, translation, cell proliferation, modulation of enzymatic activities, electrolytic balance and stability of the cell membrane (Igarashi and Kashiwagi, 2010) . Thus, because broccoli is a vegetable that activates ethylene synthesis during senescence, the level of polyamines observed in the present study could explain the higher longevity of organic broccoli, as well as the chlorophyll content. These results suggest that polyamine content can infl uence the maintenance of plant cell membranes; however, more in-depth biochemical studies should be conducted.
Higher levels of putrescine can be found in sanitation treatments on the fi rst day, while this effect disappears after seven days of cold storage. The levels of spermidine and spermine were not altered by the treatments applied using these sanitizers (Table 4 ). The organic cultivation system, in addition to promoting ecosystem sustainability and less environmental impact, results in Values in the line with lowercase letters do not differ (Tukey, p < 0.05). SMD -standardized mean difference. Table 4 -Putrescine (PUT), spermidine (SPD) and spermine (SPM) in organic and conventional broccoli following sanitation treatments.
----------------µg g -1 --------------------------------µg g -1 --------------------------------µg g -1 ----------------
PUT SPD SPM Day 7 the accumulation of higher concentrations of functional substances in plants. These substances include phenolic compounds and polyamines, such as spermidine and spermine, which may positively infl uence the health of the human population. Chemical compounds, such as vitamins and polyphenols, contribute to the antioxidant activity of an organism.
Day 1 --------------------------------------------µg g -1 --------------------------------------------
--------------------------------------------µg g -1 --------------------------------------------
Conclusions
The sanitation treatment with ozone did not infl uence the contents of polyamines, polyphenolic compounds (included fl avonoid), and vitamin C, as well as the maintenance of total chlorophyll levels. This last feature is extremely important because the yellowing of broccoli is an important quality factor for producers and consumers and at the same time indicates the onset of vegetable senescence.
